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OUTCOMES OF TINNITUS POST-COCHLEAR IMPLANTATION IN ADULT
POPULATIONS: A SYSTEMATIC REVIEW
by
EVANGELINE WONG
ABSTRACT
Advisor: Donald A. Vogel, Au.D., CCC-A
Purpose: The purpose of this investigation is to conduct a systematic review on the outcomes of
tinnitus, in both its characteristics and psychosocial impact, post-cochlear implantation in
profound bilateral and single-sided deafness (SSD) adult populations. A longitudinal case study
will also be presented to show long-term effects of tinnitus outcomes in a cochlear implant
recipient in a clinical setting.
Objective: The investigation may, in turn, provide information regarding tinnitus in the selection
criteria of which ear to implant, considerations in implantation eligibility for patients with
bilateral and unilateral severe hearing loss associated with severe tinnitus, and to inform patients
about the possible risk of postoperative tinnitus worsening. The collective data may also
encourage further assessment of tinnitus in cochlear implant (CI) patients during audiological
testing.
Methods: A comprehensive search utilizing various peer-reviewed databases accessible through
the City University of New York (CUNY) Graduate Center’s Mina Rees Library was conducted
to identify relevant studies evaluating quantitative and qualitative outcome measures of tinnitus
post-cochlear implantation. Inclusion criteria were studies with tinnitus and bilateral and
unilateral cochlear implant users, bilateral hearing loss subjects, and SSD patients.
Results: A total of 13 articles were selected for review based on the inclusion criteria, research
design, and publication date. 10 of the 13 studies focused on tinnitus outcomes in subjects with
bilateral profound hearing loss, while the remaining three studies investigated tinnitus outcomes
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in cochlear implant subjects with SSD. Evaluation of standardized questionnaires (THI, TQ),
non-standardized questionnaires reporting on perceptual characteristics of tinnitus, speech
perception scores, and psychosocial outcomes were included in the analysis. Various conditions
of tinnitus outcomes (i.e., processor on versus off, hearing aid versus CI, one versus two cochlear
implants) were additionally evaluated.
Discussion: All studies, both in individuals with bilateral profound hearing loss and SSD cases,
noted an improvement in tinnitus outcomes both in standardized and non-standardized
questionnaires. However, some of the included literature did report participants with either no
change or worsening of their tinnitus. Despite the strong correlation between tinnitus outcomes
and the included psychosocial measures, the following research did not indicate a relationship
between speech perception and tinnitus outcomes. Assessment of the case study displays both an
improvement and deterioration of THI scores as indicated by the literature. The case emphasizes
the lack of follow-up regarding tinnitus measures in the current research and the demand for a
more comprehensive examination of tinnitus in clinical settings.
Conclusion: Results from the current review broadly indicate improved tinnitus outcomes on
standardized and non-standardized measures post-cochlear implantation in bilateral profound and
SSD hearing. Expansion in the clinical report and management of tinnitus as well as
standardization of tinnitus measures will be crucial to make more definitive statements regarding
these outcomes as the indications for CI implantation in post lingually-deafened individuals
continue to expand.
Key words: “cochlear implantation,” “tinnitus,” “bilateral cochlear implants,” “SSD cochlear
implants,” “unilateral cochlear implants,” “adult cochlear implantation.”
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INTRODUCTION
Tinnitus affects an estimated 10–15% of the general population and more than a third of
the population older than age 65; this demographic presents one of the most common and
distressing otological problems (Baguley, McFerran, & Hall, 2013; Joo et al., 2015). Tinnitus is
an auditory perception characterized by the experience of sound in the ear or head with absence
of external acoustic stimulation (Han et al., 2009). In the hearing-impaired population, the
prevalence of tinnitus increases up to 70–85% (Baguley, McFerran, & Hall, 2013). Individuals
who experience both tinnitus and hearing loss report that the perception of their tinnitus
correlates with the severity and frequency characteristics of their hearing loss. In addition, the
perceived intensity of the tinnitus is usually within 10 dB of the patient’s hearing threshold at
that frequency (Han et al., 2009). Although other factors may contribute, researchers have found
a significant relationship between pure-tone average (PTA) threshold and tinnitus loudness
(Aazh &Salvi, 2019). In profoundly hearing-impaired patients, the prevalence of tinnitus is
reported to reach up to 67% to 86% (Han et al., 2009). Tinnitus is generally divided into two
categories: objective and subjective. Objective tinnitus is defined as tinnitus that is audible to
another person as a sound emanating from the ear canal, whereas subjective tinnitus is only
audible to the patient and is usually considered to lack acoustic etiology and its associated
movements in the cochlear partition or cochlear fluids (Han et al., 2009). This paper will address
subjective tinnitus in the cochlear implant population. The effects of this auditory perception on
an individual’s quality of life varies from mild to extreme cases. In fact, tinnitus has been
associated with an increased incidence of depression, anxiety, difficulty concentrating, insomnia,
and headaches in the general population (Langguth et al., 2009).
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Due to the complex nature of tinnitus, its pathogenesis lacks consensus among
researchers. However, several theories regarding its origination have become prevalent. There
lies strong evidence that an interaction exists between both peripheral (ear) pathologies and
central auditory mechanisms. The strong correlation between hearing loss and tinnitus suggests
that the perception strongly arises from changes in neural activity caused by reduced or lack of
auditory input (Chang & Zeng, 2012). In general, tinnitus research has attributed causation to the
role of hyperactivity (increased firing rate) and hyperexcitability in structures of the auditory
system (Møller, 2016). Deprivation of sound input from hearing loss may result in an imbalance
between excitation and inhibition in a nervous system and in turn, this deprivation may cause
tinnitus by “activation neuroplasticity” (Møller, 2016). Furthermore, abnormal phase-locking
within the auditory structures may also cause tinnitus (Møller, 2016). Another hypothesis
assumes that synchrony, or time-locking, of neural firing in the auditory nerve is more important
in signaling the presence of a sound than an increase in the discharge rate of nerve cells (Møller,
2016). However, the presence of tinnitus even after cochlear excision suggests that tinnitus is a
central phenomenon and related to neuroplastic alterations in the central auditory structures (Tan
et al., 2013). Nonetheless, it is possible that plastic changes may be initiated by peripheral
dysfunction, although it is unknown what specific damage in the periphery may provoke tinnitus.
When reviewing the broad range of complaint, some patients perceive and report their
tinnitus as just bothersome, yet there are others who find their tinnitus to be debilitating. One of
the earliest systematic studies relying on tinnitus self-report is that by Tyler and Baker (1983),
who applied the open-ended question technique asking self-identified tinnitus sufferers to list the
difficulties experienced and attributed to the disorder (Noble, 2000). The problems identified fell
into four categories 1) interference with quality of life (mainly sleep), 2) interference with
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hearing, 3) emotional effects such as depression, annoyance, and distraction and 4) effects on
health (Tyler &Baker, 1983). These problem categories have been further confirmed in
subsequent research. A large-scale study by Meikle, Vernon, and Johnson (1984) included
loudness rating and loudness matching techniques, as well as a ten-point rating scale of tinnitus
“severity” (Meikle et al., 1984). The idea of tinnitus handicap led to the first formal tinnitus selfreport scale, subsequently titled, the Tinnitus Effects Questionnaire (TEQ) in a study by Hallam,
Jackes, and Hinchcliffe (1988) (Noble, 2000). Despite the creation of various standardized
tinnitus questionnaires in the 1980’s and 1990’s, new assessments of tinnitus have since
remained limited.
Several therapeutic approaches have been established including counseling and
behavioral therapy, the provision of hearing aids, and sound therapy devices, all of which have
been found to be an effective option for patients. Standard care often involves providing
explanation of causation and the development of associated distress, providing sound therapy
through the use of hearing aids or sound generators, and when necessary, intervention to reduce
the distress such as relaxation therapy or cognitive behavioral therapy (CBT) (Baguley et al.,
2013). The use of hearing aids has been shown to reduce the neural activity responsible for
tinnitus generation and perception (Han et al., 2009). Therefore, one of the first forms of
intervention for hearing loss and tinnitus is typically the utilization of hearing aids. Notably,
amplification of speech and other ambient sounds serves to partially mask and divert attention
away from the tinnitus (Han et al., 2009). Therapeutic strategies that specifically compensate for
hearing loss or normalize auditory input have been shown consistently to attenuate tinnitus
complaints (Kleinjung et al., 2009). Despite the range of clinical approaches to managing
tinnitus, its standard care has not significantly evolved due to the variability of outcomes. For
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patients with functional hearing in the affected ear, the use of hearing aids can overcome the
effects of auditory deprivation. However, for those presenting with severe to profound
sensorineural hearing loss, hearing aids and other forms of sound therapy are unsuitable for both
their hearing loss and in turn, tinnitus management. Rather, individuals with this degree of
hearing loss are likely considered good candidates for cochlear implants.
Since their approval from the U.S. Food and Drug Administration (FDA) in 1984,
cochlear implants (CI) have become a viable treatment option for individuals with bilateral
severe to profound sensorineural hearing loss (SNHL). In SNHL, damage to the hair cells in the
cochlear prevents sound from effectively reaching the auditory nerve. CIs overcome the
damaged portion of hair cells by directly stimulating the cochlea through electric current based
on acoustic input (Quaranta et al., 2008). The prevalence of tinnitus in adult patients that undergo
cochlear implantation for the classical indication of hearing restoration, ranges between 67% and
100% (Kleinjung et al., 2009). For post-lingual deaf adults, cochlear implants can be beneficial
in restoring functional comprehension of speech, with many patients achieving significant
improvement on auditory-only open-set word recognition tests. However, in recent years,
cochlear implantation has been recommended as an intervention not only for hearing loss (HL)
but also in certain cases in conjunction with HL (Quaranta et al., 2008).
Secondary to hearing and speech understanding, cochlear implantation has also been
linked to tinnitus suppression. The process by of tinnitus suppression by cochlear implants is not
fully understood although acoustic masking, direct electrical stimulation of the auditory nerve,
and reorganization of the central auditory pathway are thought to be involved (Pan et al., 2009).
Alleviation of tinnitus after implantation has been reported in many studies. However, worsening
of pre-existing tinnitus or new development of tinnitus after electrode insertion has also been
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described. Therefore, some uncertainties remain regarding the prevalence and severity of tinnitus
in profound SNHL patients, as well as which patients may find tinnitus relief through CI (Pan et
al., 2009).
As cochlear implant (CI) technology and subsequent candidacy has evolved, the
application of cochlear implants has expanded to individuals with severe tinnitus and singlesided deafness. Single-sided deafness (SSD) is a type of hearing loss in which an individual has
non-functional hearing in one ear and no greater than a mild hearing loss in the opposite ear
(Baguley, 2010). Patients with SSD frequently experience tinnitus, often creating an impact on
an individual's quality of life. Research has indicated that in SSD populations, tinnitus is often
perceived ipsilateral to the ear with exhibited hearing loss (Baguley, 2010). Although the precise
pathogenesis of sudden unilateral deafness remains unclear, patients frequently complain of
tinnitus (Chang & Zeng, 2012). Previous research has indicated that tinnitus in SSD deriving
from idiopathic sudden sensorineural hearing loss can be severe, and refractory to therapy. In
recent years, patients with severe to profound hearing loss have sought cochlear implantation as
a means of tinnitus relief when other treatments were found to be ineffective. Research has
found that individuals using electric stimulation (i.e., a CI) in one ear and acoustic hearing in the
other are able to fuse two different inputs into one auditory perception (Baguley, 2010). Thus, an
implant on the SSD side may theoretically fuse that stimulation with their normal hearing ear and
achieve the reduction of troublesome tinnitus similar to traditional CI users (Baguley, 2010).
Nonetheless, emerging evidence supports the effectiveness of cochlear implantation as a
treatment for tinnitus in the majority of individuals implanted for SSD; however, a small subset
of patients continue to suffer with debilitating tinnitus (Arts et al., 2016). The cumulative number
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of patients in these studies remains small; therefore, the benefits of cochlear implantation in
these circumstances deserve further investigation.
Documentation and the categorization of tinnitus complaints in cochlear implant patients
often lack homogeneity, making it difficult to compare results among studies and clinics. The
goal of this study is to perform a systematic review of the literature that investigates the
characteristics of tinnitus (intensity, presence/absence, duration, etc.) with cochlear implant(s) as
well as the burden associated with tinnitus such as annoyance, distress, and handicap in both
bilaterally profound and SSD populations. This paper will also present a case study to provide
insight on the long-term presentation and management of tinnitus in a cochlear implant recipient
in a clinical setting. This analysis may in turn provide guidance on cochlear implant candidacy
criteria while determining efficacy of these devices on various outcomes of tinnitus.
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METHODS
A systematic review was conducted using peer-reviewed studies with qualitative or
quantitative measures of tinnitus as primary outcome measures for cochlear implant users. Key
words utilized in the City University of New York (CUNY) Graduate Center Mina Rees Library
database search included combinations of the following terms: “cochlear implant” and “tinnitus”
were primary search terms. Supplementary search terms such as “adult”, “pre and post
implantation”, “SSD”, “unilateral”, and “bilateral” were utilized to find additional studies for
review.
The PRISMA (Preferred Reporting Items for Systematic reviews and Meta-Analyses)
guided the inclusion of published studies in this systematic review. The PRISMA statement
consists of a 27-item checklist and a four-phase flow diagram (Figure 1) to increase the
transparency and improve the reporting of systematic reviews and meta-analyses.
Inclusion criteria includes tinnitus as a primary outcome measure post-CI implantation in
persons with bilaterally profound or SSD hearing. Secondary measures such as psychosocial and
auditory-related outcomes, and the use of hearing aids pre-implantation were also eligible for this
review. Studies were excluded involving children, participants with prelingual hearing loss,
single case studies/reports, additional therapies (pitch scaling experiments, sound therapy apps,
mixed background stimuli), and bilateral asymmetrical hearing losses. The present review also
focused on those full-length articles in English and published in the years following 2000.
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RESULTS
Figure 1 shows a PRISMA flowchart for the literature search and retrieval process for the
systematic review of cochlear implantation and tinnitus. As can be seen from Figure 1, the
database search yielded 305 articles.

Figure 1: PRISMA Flowchart of the Literature Search and Retrieval Process. The Prisma
Group (2009)
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Upon removal of duplicates, 186 articles were eligible for review. Removal of articles
using exclusion criteria through the inspection of the abstracts and subsequent assessment of fulltext articles determined that 13 articles met inclusion criteria for this systematic review. The 13
articles reviewed in this paper include 10 of which address tinnitus in bilateral severe to
profound CI candidates and 3 of which address SSD CI recipients.
Articles that met inclusion criteria were evaluated for type of study, sample size, followup time, tinnitus and outcome measures. Summary of outcome measures were reviewed based on
type of questionnaire and categorical tinnitus percepts. Patient characteristics such as sex, age at
implantation, presence and duration of tinnitus pre-implant, duration of deafness, type of
implant, and/or reported hearing aid use were also extracted when available.
Study Characteristics
Table 1 shows the study design, number of participants, material(s) used to assess tinnitus
outcomes, secondary outcome measures (psychosocial and hearing-related) and time of followup measurements. Of the 13 studies reviewed, 10 were prospective studies and three were
retrospective studies. Follow-up between pre- and post-measurements of outcomes varied in the
prospective studies between one to 24 months. A total of six studies collected data only during a
single period of time post implantation. Five studies measured patients’ outcomes pre-implant
and six months post-implant. One study, Van Zon et al. (2017), administered the Tinnitus
Handicap Inventory (THI), Tinnitus Questionnaire (TQ), and the Visual Analog Scale (VAS) of
tinnitus burden pre- and one-year post-implant. Four studies measured tinnitus outcomes at
various intervals. Liu et al. (2016) measured tinnitus outcomes at 4, 6, 8, and 12 weeks post-CI.
Similarly, Buechner et al. (2010) and Holder et al. (2017) measured at 1, 3, 6, and 12 months
while Van de Heyning et al. (2008) extended follow-up period to 24 months postoperatively.
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Table 1: Study Characteristics and Outcomes of Included Studies

STUDY
AMOODI ET
AL. (2011)
ANDERSSON
ET AL. (2009)

BOVO ET AL.
(2010)

BUECHNER
ET AL. (2010)

TYPE OF
STUDY
Prospective

Retrospective

Prospective

Prospective

TIME OF
SAMPLE BILATERAL FOLLOWSIZE
HL OR SSD
UP

TINNITUS
OUTCOME
MEASURES

BLa

12 months

THIb

BL

Mean= 2.9
years
(SD=1.8
years)

142

151

51; 36 in
analysis

5

BL

SSDi

DI NARDO ET
Prospective
AL. (2007)

30

BL

GREENBERG
ET AL. (2016)

68

BL

Retrospective

6 months

THI

PSYCHOSOCIAL
MEASURES
HHIEc
SF-36d

HEARINGRELATED
MEASURES
HINT e

GPf
HADSg

VASh tinnitus
loudness
VAS tinnitus
annoyance
THI

VAS tinnitus
loudness and
stress
1, 3, 6, and
Mood and
12 months
influence of
tinnitus (tinnitus
diary)
Tinnitus
6 months Questionnaire*
THI
Mean= 5.5
Tinnitus
years
Questionnaire*
(SD=2.25
THI**
years)

CI ON/
OFF

Yes

Freiburger Numbers
and Monosyllabic
tests
Oldenburger
Sentence test
Hochmaier-SchulzMoser sentence test
presented in quiet
and noise (+10 SNR)

Yes
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STUDY

HOLDER ET
AL. (2017)

TYPE OF
STUDY
Retrospective
review of
prospective
collected data

KOMPIS ET
AL. (2012)

Prospective

LIU ET AL.
(2016)

Prospective

TIME OF
SAMPLE BILATERAL FOLLOWSIZE
HL OR SSD
UP

12

174
234

SSD

1, 3, 6, and
12 months

Unaided pure tone
thresholds
Monosyllabic words

6 months

BL

4, 6, 8, and
12 weeks

THI

N/A

BL

VAN DE
HEYNING ET
AL. (2008)

22

SSD

1, 3, 6, 12,
and 24
months

HEARINGRELATED
MEASURES

THI

BL

38

PSYCHOSOCIAL
MEASURES

Audiometric
thresholds
Minimum Speech
Test Battery (CNCj
words)

VAS tinnitus
loudness
Tinnitus distress
questionnaire*

RUCKENSTEI
Prospective
N ET AL. (2001)
Prospective

TINNITUS
OUTCOME
MEASURES

Tinnitus
Intensity rating
scale (1-5)
VAS tinnitus
loudness
TQl

CI ON/
OFF

Yes

Yes
CIDk Everyday
Sentences

Note: aBL= Bilateral hearing loss; bTHI= Tinnitus Handicap Inventory; cHHI= Hearing Handicap Inventory; dSF-36= Short form 36
survey; eHINT= Hearing in Noise Test; fGF= Gothenbury Profile; gHADS=Hospital Anxiety and Depression Scale; hVAS= Visual
i
j
k
l
Analog Scale ; SSD= Single-sided deafness; CNC= Consonant-nucleus-consonant; CID= Central Institute for the Deaf ; TQ=
Tinnitus Questionnaire; *= Non-standardized questionnaire created by the researchers in the respective study; **= Retrospective
review of the THI in hospital notes measurement between pre- and post-cochlear implantation.

Yes
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One study, Rukenstein et al., 2001, failed to report the time of follow-up between pre- and postCI measures. Two retrospective studies included in the review (Greenberg et al., 2016 and
Anderrson et al., 2009) had a mean time of 5.5 (SD= 2.25) and 2.9 (SD= 1.8) years, at which
their questionnaire was completed post-implant, respectively.
Ten of the 13 studies included in the review focused on tinnitus outcomes in subjects
with bilateral profound hearing loss. Nine out of 10 of these studies had subjects receive one
implant. Von Zon et al. (2016) compared tinnitus outcomes pre and post implantation in both
single CI and simultaneous bilateral CI recipients. As displayed in Table 1, the remaining three
studies investigated tinnitus outcomes in cochlear implant subjects with SSD.
Subject Demographics
In addition, information regarding the studies’ subject demographics including reported
gender ratio, age, type of implant, etc. was extracted as displayed in Table 2. Total sample size
across the 13 included studies varied between 5 to 234 participants. In the studies that included
the age of their participants, ages ranged from 16 to 86, all of which had post-lingual hearing
loss. Reported mean ages in the included prospective studies ranged from 25.13 to 58.4 years,
respectively. Eleven of the included studies included male-to-female ratio, with most studies
having a female majority. Of these 11 studies, there were a total of 673 participants; 282 (42%)
male and 391 (68%) female. All three retrospective studies reported mean age of implantation,
which varied from 39.8 to 54.4 years, respectively. Duration of deafness reported in three
studies varied from a mean of 2.72 to 28.64 years, respectively with mean duration of
preoperative tinnitus noted in two studies (3.3 to 10.6 years, respectively). The studies that
reported on these measures indicated insignificant differences between tinnitus outcome
measures with duration of deafness and time at the age of implantation.
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Table 2: Subject Characteristics of the Included Studies

STUDY

Sample Size
a
(N )

Gender
b
(M: F )

Mean
Age
(Years)

142

57:85

54.2 +e
14.68

AMOODI ET
AL. (2011)

Mean Age
of Surgery
(Years)

SSD

Mean
Presence Tinnitus
d
of Tinnitus duration
DoD
Pre-CI
(Years)
(Years)

No

Yes

Advanced Bionics (n=108)
Med-El (n= 18)
Cochlear Nucleus (n=16)

Yes
71%

Med El C40+ and Pulsar100
system (n=58)
Nucleus- CI24M, CI24K
CI24 Contour (n=42)
AB Clarion 1.0 ICS, 1.2
ICS, and HiRes 90K (n=11)

c

54.4 years
± 16.0
ANDERSSON
ET AL. (2009)

151

BOVO ET AL.
(2010)

51;
36 in analysis

58.4 ±
16.0

No
Mean time
after CI=
2.9 ± 1.8

BUECHNER ET
AL. (2010)

DI NARDO ET
AL. (2007)

43:68

17:34

46 +
17.5

5

Group A:
20
30
Group B:
10

No

50.04

43.33 +
15.75

39.17 +
16.49

Yes

No

2.72

Yes
75%
Bilateral
tinnitus
Yes
(Ipsilateral
to side of
hearing
loss)

Yes
(Group A)

Type of Implant

Cochlear (n=16)
AB Clarion (n=19)
Med-El (n=16)

Advanced Bionics Hi
Res90k implants
Cochlear (n= 15)
Neurelec Digisonic MSM
(n=1)
AB Clarion (n=2)
Med-El (n=1)
Combi-40 + Med-EL (n=1)
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STUDY

GREENBERG
ET AL. (2016)

HOLDER ET
AL. (2017)

Sample Size
a
(N )

68

12

Gender
b
(M: F )

29:38

10:2

Mean
Age
(Years)

61

Mean Age
of Surgery
(Years)

Mean time
after CI=
5.5 ± 2.25

51.6 ± 15.5

c

SSD

Mean
Presence Tinnitus
d
of Tinnitus duration
DoD
Pre-CI
(Years)
(Years)

No

Yes

Yes

Yes
(Unilateral
tinnitus
perception
of any
degree)

5.25

Type of Implant

Nucleus 22 (n=26)
Nucleus 24 CI24M (n=8)
AB Clarion (n=4)
Med-El Combi 40+ (n=2)
Not Specified (n=28)
Med-El
Synchrony
Flex (n=6)
Med-El
Concert
Flex28 (n=1)
Cochlear
Nucleus 512
(n=1)
Med El
Cochlear
(n=7)
Nucleus 522
Cochlear
(n=1)
(n=4)
Cochlear
AB (n=1)
Nucleus 422
(n=1)
Cochlear
CI24RE (n=1)
AB HiFocus
Mid Scala
(n=1)
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STUDY

Sample Size
a
(N )

Gender
b
(M: F )

Mean
Age
(Years)

Mean Age
of Surgery
(Years)

c

SSD

Mean
Presence Tinnitus
d
of Tinnitus duration
DoD
Pre-CI
(Years)
(Years)

Type of Implant

MedEl
(n=78)
No

KOMPIS ET
AL. (2012)

174

81:93

Cochlear
Nucleus
(n=66)

Yes
71.8%
(n=125)

51.2

Clarion/
Advanced
Bionics
(n=27)
Neurelec
(n=2)

Group A:
108

LIU ET AL.
(2016)

234

Group B:
82

Group C:
44

28.35 ±
7.48

15.40 ±
13.46

14.85 ±
10.55

26.75 ±
11.58
25.13 ±
6.12

17.26 ±
3.63
10.62 ±
7.38

28.75 ±
11.58
32.35 ±
5.28

18.30 ±
Yes
9.23
(Group A)
12.26 ±
46%
11.26
Tinnitus
present in
15.17 ±
implanted
8.34
ear or
28.64 ±
binaural
1.63

30.15 ±
7.18

27.21 ±
8.19

3.26 ±
1.28

No

11.19 ±
2.13
3.85 ±
2.55

Combi+
(n=12)
Pulsar (n=43)
Sonata (n=23)
Cochlear 24R
family
(n=19)
Cochlear 24E
family (n=47)
AB CII (n=2)
AB HiRes 90k
(n=23)
Neurelec
DX10C (n=2)

Advanced Bionics Nucleus
24 implant
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STUDY

Sample Size
a
(N )

38

VAN DE
HEYNING ET
AL. (2008)
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WANG ET AL.
(2017)

Mean
Age
(Years)

Mean Age
of Surgery
(Years)

c

SSD

Mean
Presence Tinnitus
d
of Tinnitus duration
DoD
Pre-CI
(Years)
(Years)

Type of Implant

Advanced Bionics Clarion
(n=20)

RUCKENSTEIN
ET AL. (2001)

VAN ZON ET
AL. (2016)

Gender
b
(M: F )

38

Unilateral
CI: 19
Simultaneous CI: 9

52

15:23

54 ± 13

12:10

19:19

21:31

No

51.1 + 12.4

50.3 +
14.4

37.5 ±
17.4

Yes

Yes

8.8 +
11.20

Yes
(>2 years)

No

19.9 +
13.9

Yes
42%

No

11.6 ±
10.9

8.8 +
11.20

n= 7

Advanced Bionics HiRes90k
implants

n= 9

Yes
(persistent)

Cochlear Nucleus 22/24
(n=18)
Med-El
Pulsarci100
Flexsoft
Med-El
(n=12)
(n=22)
Med-El
Combi 40+ m
(n=10)

10.6 ±
10.3

Cochlear Nucleus (n=19)
Med-El (n= 18)
AB Clarion (n=6)
Neurotron (n=9)

Note: aN= Number of participants; bM: F= Male to Female ratio; cSSD= Single-sided deafness; cDoD= Duration of deafness;
e
+= Standard deviation
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Seven (54%) of the referred studies included presence of tinnitus pre-implantation as an
inclusion criterion for their participants. The presence of preoperative tinnitus in the seven forementioned studies varied from any existence of tinnitus to tinnitus lasting two years or more. The
degree of tinnitus varied from any form of subjective perception to persistent. The remaining six
studies incorporated participants with and without preoperative tinnitus. The presence of
preoperative tinnitus in these six studies ranged from 42% to 75% of total participants in each
perspective study. Liu et al. (2016) specifically measured pre- and post- implantation tinnitus
outcomes in three groups (A, B, and C) along with control groups in each group (those without
programming). Group A was categorized with preoperative tinnitus, Group B were participants
with tinnitus post-surgery before switch-on, and Group C included patients with tinnitus
postoperatively at least one year after implantation. Di Nardo et al. (2007) also divided subjects
in two groups; with Group A representing 20 patients with pre-implantation tinnitus and Group B
with 10 patients with no preoperative tinnitus.
All of the included studies specified cochlear implant manufacturer and/or the internal
implant device the patients received. Five implant manufacturers were included: Med-El,
Cochlear, Advanced Bionics (AB), Neurelec, and Neurotron. Four studies had all participants
implanted with the same CI manufacturer, whereas the remaining nine studies assessed subjects
with disparate implant manufacturers. The nine studies utilizing multiple manufacturers
determined no significant differences between implant type and the tinnitus measures. Of the
collective participants in the included studies, 1,017 were implanted with Advanced Bionics, 226
with Cochlear, 203 with Med-El, three with Neurelec, 9 with Nuroton, and 9 were not specified.
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Tinnitus Outcome Measures
Self-assessment measures were the primary type of outcome measures within the
included studies. In an evidence-based practice paradigm, the use of self-report assessments of
clinical outcome is considered the new "gold standard," used to measure treatment effectiveness
(Taylor, 2007). Self-assessment questionnaires and scales allow a means of determining the
disability and handicap domains of auditory dysfunction, while documenting, evaluating, and
monitoring patient concerns comprehensively (Erdman, 1993). Self-ratings demonstrate evidence
for external validity in areas pertaining to quality of life (Erdman, 1993). Clinically, this method
of assessment provides a formalized means of identifying problems and the extent of those
problems perceived by the patient, while allowing professionals to monitor progress from
audiological intervention. Tinnitus outcomes of the included studies were comprised of both
standardized and non-standardized forms of self-assessment measures.
TINNITUS HANDICAP INVENTORY (THI)
Internationally validated questionnaires were commonly included in the literature. The
most frequently utilized outcome measure was the THI questionnaire. The THI comprises of a
12-item functional subscale, an 8-item emotional subscale, and a 5-item catastrophic subscale.
The three answer possibilities are “yes”, “sometimes”, and “no” with corresponding scores of 4,
2, and 0, respectively (Newman et al., 1996). The total score of this questionnaire represents the
severity of tinnitus: slight (0-16), mild (18-36), moderate (38-56), severe (58-76) or catastrophic
(78-100) (Newman et al., 1996). This assessment was employed in nine of the 13 studies for
review, comprising of about 69% of the included literature.
Inspection of Table 3 reveals the results and statistical analyses among the nine studies,
that utilized the THI as the main outcome measure for participants post-CI implantation. Of the
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nine studies, eight of the studies evaluated THI outcomes in bilaterally deafened subjects while
one study (Holder et al., 2017) had SSD subjects. Six of the eight studies utilizing the THI in
bilaterally deafened subjects ran statistical analyses between mean pre-and post-surgical THI
scores. All of these studies found a statistically significant THI mean reduction despite varying
significance levels. Bovo et al. (2010) found a significant difference (Wilcoxon signed ranks test,
p<.001) between the preoperative THI of 45.8 (SD= 24.91) and six-month postoperative score of
32.8 (SD= 25.34). Di Nardo et al. (2007) had concurring results, revealing that a majority of
cases (65%; n= 13) had a decrease in THI while 30% (n=6) participants had an unchanged score
and 5% (n=1) had a worsening in THI score. Nonetheless, statistical analysis revealed that 6month post-implantation THI score decrease was significant (Wilcoxon signed ranks test, p<.05).
Liu et al. (2016) included 234 tinnitus patients who were divided into three groups: (1)
preoperative tinnitus (n= 108), (2) postoperative tinnitus occurring before implant switch-on at
week 4 (n= 88) and (3) tinnitus occurring more than a year postoperatively (n= 44). Patients in
each group were randomly allocated into a either a subgroup that received programming for 12
weeks postoperatively or after tinnitus occurrence, or a control subgroup. The THI was
performed preoperatively and at 4, 6, 8, and 12 weeks postoperatively (groups 1 and 2) or after
tinnitus occurrence (group 3). Researchers reported a decrease in both programming and control
subgroups in all three groups, with a more significant decrease observed in the programming
group. Along with total THI score, a number of studies also reported on the significant reduction
in patients’ THI subscale scores. Amoodi et al. (2011) noted that 29% of patients (n=41) had a
significant reduction in the level of handicap scores with the CI compared to baseline for all
three subscales and the total score of the THI (paired group t-test, p < .001).
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Table 3: Tinnitus Handicap Inventory (THI) Outcome Summary

STUDY

AMOODI ET
AL. (2011)

ANDERSSON
ET AL. (2009)

PRESENCE
OF
TINNITUS STATISTICAL SIGNIFICANCE
PRE-CI
ANALYSIS
(p-value)

Yes

Yes 71%

Descriptive
statistics (mean
values)
Paired group ttest

Descriptive
(percentages)

P<.001

N/Ab

RESULT
• For those patients who experienced tinnitus post- operatively,
statistical analysis demonstrated a significant improvement
between pre- and postoperative THI scores (p < .001).
• The post-treatment mean was significantly lower than the pretreatment means for all three subscales and the total score of
the THI.
a
• 29% (n =41) of patients showed a reduction in the level of
handicap scores with CI compared to the baseline preoperative
evaluation.
• 36% (n= 38) had a score indicating ‘‘no handicap”, 30%
(n=32) ‘‘mild handicap”, 18% (n=19) ‘‘moderate handicap”,
and 17% (n=18) ‘‘severe handicap”.
c

BOVO ET AL.
(2010)

DI NARDO ET
AL. (2007)
GREENBERG
ET AL. (2016)

75%
(bilateral
tinnitus)

Wilcoxon signed
ranks test

Descriptive
statistics
Yes (Group A) (percentages)
Wilcoxon signed
ranks test
Descriptive
Yes
(percentages)

P<.001

P<.05

N/A

• The mean pre- operative THI was 45.8 (SD = 24.91), while 6
months after activation, it was 32.3 (SD = 25.34).
• Statistical analysis showed that THI reductions were highly
significant
• A comparison of the pre-implantation and post-implantation
THI score showed a decrease of THI score in (65%) cases,
unchanged score in 6 (30%) and increased score in 1 (5%).
• Statistical analysis showed that post-implantation THI score
decrease to be statistically significant (P < 0.05).
• Post-implantation mean THI scores remain between 17 and
22, corresponding to the mild handicap category
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STUDY

LIU ET AL.
(2016)

PRESENCE
OF
TINNITUS STATISTICAL SIGNIFICANCE
PRE-CI
ANALYSIS
(p-value)

Repeated
measures
Yes
(Group A: >3 ANOVAd
months)
Chi square tests
46%
Independent 2sample t-tests

RESULT
Patients with preop tinnitus (Group A):

• Preoperative THI scores were significantly higher and
postoperative THI scores significantly lower in the
programming subgroup compared to the control subgroup (P
< .05).
• Using 2-sample t tests, THI scores of programming subgroup
were significantly lower than those of the control subgroup
(p<.05).

P<.05

Patients with postoperative tinnitus after CI before switchon (Group B):
• Same findings as patients with preoperative tinnitus

Patients experiencing postoperative tinnitus at least 1 year
after CI (Group C):
• Using repeated measures ANOVA, there was a significant

difference between two subgroups (<.05).
• At 4 weeks after tinnitus and before switch-on, the

•

VAN ZON ET
AL. (2016)

Yes
42.1%

Descriptive
statistics
(percentages and
median)
Wilcoxon signed
rank test

•

P<.05

•
•
•

programming subgroup than higher THI scores were lower in
the programming subgroup compared to the control group at
6, 8, and 12 weeks after tinnitus onset (p<05).
One year after implantation, the THI scores had decreased in
80.0% (12 of 15) of patients, of whom four patients (26.7%)
were completely free of tinnitus.
Progression of tinnitus occurred in only one patient, and two
patients were stable in THI scores.
None of the patients had severe or catastrophic tinnitus
according to the THI scores.
Preimplantation THI score was 13.0 (SD=0-48) and 1-year
post implantation THI score was 3.0 (SD=0-28).
Significant decrease in pre and post implantation THI score in
overall THI score (p<.01) and emotional subscale (p=.03)
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STUDY
WANG ET AL.
(2017)

PRESENCE
OF
TINNITUS STATISTICAL SIGNIFICANCE
PRE-CI
ANALYSIS
(p-value)
Yes

Descriptive
statistics

N/A

RESULT
• When CI was off, 19 patients were slightly handicapped, 13
were mildly handicapped, 14 were moderately handicapped,
four were severely handicapped, while two had catastrophic
tinnitus.

Note: aN= Number of subjects; cN/A= Not applicable; cSD= Standard deviation; dANOVA =Analysis of Variance
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Further, Van Zon et al. (2016) also found significant decrease in both THI score and emotional
subscale of the THI pre- and one-year post- CI. They further reported that 80% (n= 12) of
patients had a decrease in score with 26.7% (n= 4) of patients completely tinnitus-free. However,
one patient also experienced a progression of tinnitus while two patients had stable THI scores.
The remaining three studies reported on THI using descriptive statistics (Andersson et al.,
2009; Wang et al., 2007; Greenberg et al., 2016). In a retrospective design, Andersson et al.
(2009) reported on 107 subjects with tinnitus post-CI who completed the THI. Responses
revealed that 36% (n= 38) of patients had a score indicating ‘‘no handicap”, 30% (n=32) ‘‘mild
handicap”, 18% (n=19) ‘‘moderate handicap”, and 17% (n=18) ‘‘severe handicap”. Wang et al.
(2017) reported based on handicap with 13 participants categorizing their tinnitus handicap as
“slight”, 13 “mild”, 14 “moderate”, four “severe”, and two “catastrophic” post- op. Greenberg et
al. (2016) retrospectively reviewed hospital records to find THI pre and post scores and therefore
only four participants were included in their analysis. Post- implant mean THI scores remain
between 17 and 22, corresponding to the mild handicap category. However, due to the small
sample size, the authors reported a considerable amount of inter-subject variability.
TINNITUS QUESTIONNAIRE (TQ)
Two studies included in review utilized the TQ, another standardized questionnaire to
assess tinnitus. TQ consists of 52 questions on emotional and cognitive distress, intrusiveness,
auditory perceptual difficulties, sleep disturbance, and somatic complaints (Hiller et al., 1994).
The alternative responses are: “true”, “partly true”, and “not true”, which correspond to scores of
2, 1, and 0, respectively (Hiller et al., 1994). These answers are then calculated to determine an
overall TQ score, with a higher score correlating to a higher tinnitus burden. Table 4 includes
the results and statistical analyses of the TQ of the two included studies.

23

Table 4: Tinnitus Questionnaire (TQ) Outcome Summary

STUDY

PRESENCE
OF
TINNITUS
PRE-CI

METHOD OF
STATISTICAL
ANALYSIS
SIGNIFICANCE

RESULT
a

VAN DE
HEYNING
ET AL.
(2008)

Yes

Descriptive
Statistics
Linear mixed
effects model
Post-Hoc tests

Descriptive
Statistics
VAN ZON
Yes
Wilcoxon
ET AL.
42.1%
signed rank test
(2016)
Mann-Whitney
U test
a
Note: SD= Standard deviation

P<.001

P<.05

• The mean total score before implantation was 58.4 (SD = 13.9), which
decreased to a mean score of 33.3 (SD= 16.6), one month after the first
fitting.
• A linear mixed-effects model with scale as the dependent factor revealed a
significant effect of time on the total score (p< 0.001).
• Post hoc tests showed a significant difference between the preoperative
score and the 1-month score (p< 0.001).
• 71.4% (10 of 14) of patients had a decrease in score, of whom two patients
were completely free of tinnitus. Increase in TQ score occurred in three
patients, and one patient had an unchanged score.
• Mean score of TQ significantly lower after implantation (p<.05).
• Significant decrease in TQ score (p=.04) in the bilaterally implanted
patients.
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Both Van Zon et al. (2016) and Van de Heyning et al. (2008) found a statistically significant
difference between preoperative TQ score at one-month and one-year post-implant, respectively.
Van Zon et al. (2016) further reported that 71.4% (10/14) of patients had a decrease in score, of
whom two patients were completely free of tinnitus. Increase in TQ score did occur in three
patients, while one patient had an unchanged score pre- to post-implantation.
NON-STANDARDIZED QUESTIONNAIRES: TINNITUS PERCEPTIONS
Among the included studies for review, various tinnitus perceptions were reviewed such
as intensity, presence/absence of tinnitus, localization, duration, characteristics, and burden. The
results of these outcomes can be displayed in Table 5.
The Visual Analog Scale (VAS) was utilized in six of the included studies to assess
tinnitus burden, annoyance, stress and/or loudness. The VAS is continuous scale that patients can
rate on a continuum of values, which is then quantified ranging from 0 to 10. Similarly, loudness
rating scales were also utilized in Rukenstein et al., 2001, Di Nardo et al., 2007, and Wang et al.,
2017, with subjects reporting their tinnitus intensity on a scale from 1-5, 1-10, and 1-7,
respectively.
In addition, four of the 13 studies had patients evaluate their tinnitus in response to
unvalidated questionnaires created by the researchers in each respective study. The
questionnaires inquired general demographic information as well as details regarding
tinnitus presence, severity, loudness, description of tinnitus, and its impact on daily living
activities. Buechner et al. (2010) also had participants report the influence of their tinnitus and
mood in a “Tinnitus Diary”.
Presence of Tinnitus
Presence of tinnitus pre- and post-CI independent of confounding factors (processor on
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versus off, side of localization, etc.) was reported in five studies. Of 174 included subjects,
Kompis et al. (2012) reported that 49 (28.2%) participants had no tinnitus before CI surgery.
Five (10%) of these participants developed tinnitus six months after CI while 44 (90%) remained
tinnitus-free. Of the 125 (71.8%) subjects with tinnitus before CI, 25 (20%) reported an
elimination of their tinnitus. Of 142 patients, Amoodi et al. (2011) found that 37% (n=53) of
their study population had complete tinnitus suppression 12 months post-CI. Di Nardo et al.
(2007) selected 20 subjects with pre-implantation tinnitus (Group A) and a group of 10 subjects
without pre-implantation tinnitus (Group B). Similar to findings from Amoodi et al. (2011), 40%
(n=8) of subjects declared a suppression of tinnitus in Group A post-implant. None of the
subjects in Group B developed tinnitus after surgery.
Buechner et al. (2010) assessed the abatement of tinnitus of five participants undergoing
cochlear implantation with single-sided deafness. Out of five participants, Participant 2 and 3
report nearly complete suppression of the tinnitus while the implant is activated. However, the
tinnitus returns after a couple of minutes to hours after switching off the device. The remaining
participants (Participant 1, 4, and 5) continued to experience tinnitus post-implantation.
Intensity
A total of six of the included studies evaluated loudness of tinnitus independent of the
THI and TQ results. Four studies employed the VAS loudness scale (Kompis et al. 2012; Van de
Heyning et al. 2008; Bovo et al. 2010), all of which reported a significant decrease in loudness
scores pre- versus post-implantation at six, one, and six month(s), respectively. Despite a
significant reduction in loudness, Kompis et al. (2012) did report that a remaining 11% of
subjects also reported an increase in tinnitus loudness. Similarly, Bovo et al. (2010) reported that
5.5% (2/36) participants’ loudness worsened and 16.7% (6/36) remained unchanged.
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Di Nardo et al. (2007) included assessment of loudness using a 1-10 scale on a nonvalidated tinnitus questionnaire. Results revealed that out of 30 patients, eight (40%) patients’
tinnitus loudness became 0, five (25%) patients’ tinnitus loudness was unchanged, two (10%)
patients’ tinnitus loudness increased, and five (25%) patients’ tinnitus loudness decreased. Using
a similar rating scale quantified from 1 to 5, Rukenstein et al. (2001) reported a statistically
significant reduction in patient’s median tinnitus levels post-implantation, both ipsilaterally and
contralaterally (Mann-Whitney U-test, p<.0001).
Localization
Localization of tinnitus was examined in two of the included studies in study-generated
questionnaires. Greenberg et al. (2016) had CI recipients select categories that best described the
source of their tinnitus. Patients’ options were limited to “ipsilateral” or “contralateral” to the CI,
in “both ears”, “inside the head”, or “outside the head.” Pre-implant, 56% of CI recipients
perceived the source of their tinnitus to be in “both ears” and “in the head”. Post-implant, this
percentage was reduced to 34% and 35%, respectively. With the processor activated, there was a
significant decrease in those CI recipients who heard tinnitus in the head pre-implant (x² (1,
N=68)=9.389, p=.0022) as well as those who reported their tinnitus to be localized to both ears
pre-implant (x²(1, N=68)=11.529, p=.0007).
Wang et al. (2017) developed a multifactorial and closed-ended questionnaire divided
into a preoperative and postoperative section. Of 52 recipients with persistent tinnitus for over
six months post-implantation, 42 (81%) CI recipients experienced tinnitus post-implant
ipsilaterally and 44 (85%) contralaterally when CI was switched off. With the processor on,
complete and partial suppression of tinnitus ipsilateral to the CI was 42.9% and 42.9%,
respectively.
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Table 5: Non-Standardized Tinnitus Perceptions Outcome Summary
TINNITUS
PERCEPTS

STUDY

Bovo et al.
(2010)

INTENSITY

OUTCOME
MEASURE
UTILIZED

a

VAS tinnitus
loudness

VAS tinnitus
Buechner et al.
loudness
(2010)
Tinnitus Diary*

METHOD OF
STATISTICAL
STATISTICAL SIGNIFICANCE
ANALYSIS
(p-value)

Wilcoxon Signed
Ranks test
Descriptive
Statistics

P<.01

N/Ac

N/A

Descriptive
Statistics

N/A

Kompis et al.
(2012)

VAS tinnitus
loudness

Rukenstein et
al. (2001)

Tinnitus Intensity Mann-Whitney U
rating scale (1-5) Test

P<.0001

RESULT
• Significant improvement between pre- and
post-operative loudness scores.
• The average preoperative loudness was 6.31
b
(SD = 2.33), while after CI activation, it
was 2.67 (SD= 2.75) with CI on and 4.09
(SD= 2.97) with CI off.
• In 6/36 (16.7%) loudness was unchanged
using CI.
• In 2/36 (5.5%) the loudness worsened.
• Among the 27 patients with bilateral
tinnitus, in 10 (45%), the loudness was
reduced, also in the contralateral ear.
• 2 days directly after the surgery, Participant
1 experienced more severe tinnitus. Without
further treatment, the tinnitus returned to a
level similar to how it was before surgery.
• Tinnitus loudness decreased by more than
10% in 60/100 subjects
• Tinnitus loudness increased by more than
10% in 11/100 subjects.
• A significant reduction in tinnitus intensity
in patients using cochlear implants, with 35
of 38 (92%) patients experiencing a
reduction in tinnitus intensity.
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TINNITUS
PERCEPTS

STUDY

OUTCOME
MEASURE
UTILIZED

Van de
VAS tinnitus
Heyning et al.
loudness
(2008)

METHOD OF
STATISTICAL
STATISTICAL SIGNIFICANCE
ANALYSIS
(p-value)

Post-Hoc test

P<.0001

INTENSITY (cont’d)

Wang et al.
(2017)

Paired sample tTinnitus Intensity
test
rating scale (1-7)
Linear regression
VAS loudness
analysis

Amoodi et al.
(2011)

Patient report

Descriptive
Statistics

P<.01

N/A

• Significant difference in loudness between
the preoperative score and the 1-month
score for both the CI-activated state (p <
0.001) and the CI-deactivated state (p =
0.004).
• When the CI was activated, the difference
between the one-month and three-month
scores was also significant (p = 0.001).
• The loudness of tinnitus ipsilateral and
contralateral to CI post-implantation were
both significantly lower during the “on”
period when compared to the “off” period
with mean of 2.5, SD=1.2 versus mean of
1.2, SD= 1.3 for ipsilateral tinnitus and
mean of 2.8, SD= 1.4 versus mean of 1.7,
SD=1.5 for contralateral tinnitus.

N/A

• CI resulted in complete tinnitus suppression
in 37% (n= 53) of the study population.

N/A

• Participants 2 and 3 report nearly complete
suppression of the tinnitus while the implant
is activated. However, the tinnitus returned
after a couple of minutes to hours after
switching off the device.

PRESENCE/ABSENCE
Buechner et al.
Tinnitus Diary*
(2010)

RESULT
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TINNITUS
PERCEPTS

STUDY

OUTCOME
MEASURE
UTILIZED

METHOD OF
STATISTICAL
STATISTICAL SIGNIFICANCE
ANALYSIS
(p-value)

Di Nardo et al. Tinnitus
(2007)
Questionnaire*

Descriptive
Statistics

N/A

Kompis et al.
(2012)

Patient report

Descriptive
Statistics

N/A

Wang et al.
(2017)

Tinnitus
Characteristics
Questionnaire*

Descriptive
Statistics

N/A

PRESENCE/ABSENCE
(cont’d)

RESULT
• Eight (40%) patients reported complete
suppression of tinnitus after cochlear
implantation
• Nine (45%) patients with bilateral tinnitus
post- implantation, tinnitus disappeared
from both sides in four patients and
attenuated bilaterally in four patients.
• Of the 174 subjects, 49 (28.2%) reported no
tinnitus before CI surgery. Five (10%) of
these participants reported tinnitus six
months after CI, and 44 (90%) remained
tinnitus free.
• Of the 125 (71.8%) subjects with tinnitus
before CI, 25 (20%) had no tinnitus six
months post-implantation.
• 42 CI recipients experienced tinnitus post
implant ipsilaterally and 44 contralaterally
when CI was switched off.
• With CI on, complete and partial
suppression of tinnitus ipsilateral to the CI
was 42.9% and 42.9%, respectively. 11.9%
and 2.4% reported no change and
aggravation of tinnitus ipsilateral to the CI.
• Complete suppression and partial
suppression of tinnitus contralateral to the
CI were 31.8% and 47.7%, and 20.5% had
no change in contralateral tinnitus
compared.
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TINNITUS
PERCEPTS

STUDY

OUTCOME
MEASURE
UTILIZED

METHOD OF
STATISTICAL
STATISTICAL SIGNIFICANCE
ANALYSIS
(p-value)

Greenberg et
al. (2016)

Tinnitus
Questionnaire*

Descriptive
Statistics
McNemar
Statistical test

Wang et al.
(2017)

Tinnitus
Characteristics
Questionnaire*

Descriptive
Statistics

P<.001

LOCALIZATION

N/A

RESULT
• Pre-implant, 56% of CI recipients perceived
the source of their tinnitus to be in ‘bothears’ and ‘in the head’. Post-implant this
was reduced to 34% and 35% respectively.
• Post-implant with the processor on there
was a significant decrease in those CI
recipients who heard tinnitus in the head
pre-implant (x^2 (1, n=68)=9.389, p=.0022)
as well as those who reported their tinnitus
to be localized to both ears pre-implant (x^2
(1, n=68)=11.529, p=.0007)
• 42 CI recipients experienced tinnitus
postimplant ipsilaterally and 44
contralaterally when CI was switched off.
• With CI on, complete and partial
suppression of tinnitus ipsilateral to the CI
was 42.9% and 42.9%, respectively. 11.9%
and 2.4% reported no change and
aggravation of tinnitus ipsilateral to the CI,
respectively.

31

TINNITUS
PERCEPTS

DURATION

STUDY

Greenberg et
al. (2016)

OUTCOME
MEASURE
UTILIZED

METHOD OF
STATISTICAL
STATISTICAL SIGNIFICANCE
ANALYSIS
(p-value)

Tinnitus
Questionnaire*

Descriptive
Statistics

Di Nardo et al. Tinnitus
(2007)
Questionnaire*

Descriptive
Statistics

N/A

CHARACTERISTICS
N/A

RESULT
• The mean duration of tinnitus awareness per
day was found to be 12.1 hours pre-implant
reducing to 7.3 hours post-implant with the
processor on, with a reduction in tinnitus
awareness per day of almost 40%.
• 37% of subjects reported their tinnitus
awareness as greater than 16 hours per day
pre-implant reduced to 22% post-implant
with the processor on.
• The number of subjects who are aware of
tinnitus for just 0–2 hours per day increases
from 8.8% pre-implant to just under 30%
post-implant with the processor on.
• Tinnitus was made of one single sound in
13 out of 20 patients (65%) before
implantation and in nine patients (45%)
after implantation.
• Tinnitus made out of multiple simultaneous
or consecutive sounds in seven (35%)
patients pre-implant and in three (15%)
post-surgery.
• Pre-implantation, tinnitus described as
“buzzing” in nine patients, “whistling”,
“plane” or “ship engine”, “bells” in six
patients, and “thudding” in three patients.
• After surgery the most common sound
reported was “buzzing” in nine patients,
then “bells”, “whistling” and “thudding” in
four patients.
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TINNITUS
PERCEPTS

STUDY

CHARACTERISTICS
(cont’d)
Greenberg et
al. (2016)

OUTCOME
MEASURE
UTILIZED

Tinnitus
Questionnaire*

METHOD OF
STATISTICAL
STATISTICAL SIGNIFICANCE
ANALYSIS
(p-value)

Descriptive
Statistics
McNemar
Statistical test

P<.0001

RESULT
• The frequency of all tinnitus characteristics
decreased post-implantation in CI recipients
with the “high tone” and “pulsatile”
characteristics decreasing; pre-implant, 60%
of CI recipients experienced a “high tone”
element to their tinnitus decreasing to 29%
post-implant with the processor on (x^2(1,
n=68)= 17.391 p<.0001) and 37% with the
processor off (x^2(1, n=68)=11.250,
p=.0008).
• A total of 38% of CI recipients experienced
a “pulsatile” tinnitus pre-implant decreasing
to 13% post-implant with the processor on
(x^2(1, n=68)=13.274, p=.0002 and 18%
with the processor off (x^2(1, n=68)=9.389,
p=.0022).
• “Humming” experienced by 68% of CI
recipients pre-implant with a reduction to
50% post-implant with the processor on
(x^2(1, n=68) =8.450, p=.0037).
• Recipients who experienced “low tone”
tinnitus with 29% pre-implant reduced to
24% post-implant with the processor on
(x^2)1, n=68) = 2.083, p=.1489).
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TINNITUS
PERCEPTS

STUDY

CHARACTERISTICS
Wang et al.
(cont’d)
(2017)

Bovo et al.
(2010)

OUTCOME
MEASURE
UTILIZED

METHOD OF
STATISTICAL
STATISTICAL SIGNIFICANCE
ANALYSIS
(p-value)

Tinnitus
Characteristics
Questionnaire*

Descriptive
Statistics

VAS tinnitus
annoyance

Wilcoxon Signed
Ranks test
Descriptive
Statistics

N/A

P<.001

ANNOYANCE,
BURDEN, ETC.

Buechner et al. VAS stress
(2010)
Tinnitus Diary*

N/A

N/A

RESULT
• Tinnitus was made of one single sound
(monotone) in 26 out of 52 (50%) patients.
• Polyphonic tinnitus with multiple
simultaneous or consecutive sounds was in
19 (36.5%) patients.
• Seven (13.4%) patients’ tinnitus was
variable pitch.
• Tinnitus described as “roar” in 34 patients,
“cicadas” in 22 patients and “buzz” in 10
patients.
• Tinnitus annoyance completely disappeared
in 11 (30.5%) and partially decreased in
other 16 patients (44.4%)
• Tinnitus annoyance unchanged in 5/36
(13.9%) and worsened in 4/36 (11.1%).
• Significant reduction between mean
preoperative and postoperative with
preoperative annoyance as 4.22 (SD= 2.04)
and 2.28 (SD= 2.06) postoperatively
• Although Participants 2 and 5 reported a
continuous improvement, for Participants 3
and 4, the stress caused by the tinnitus
increased again after the initial months.
• Participant 3 had a change in workplace 6
months after device activation. He had to
work in a much noisier environment,
something which may have contributed to
his increased tinnitus.
• Participant 1 did not notice any long-term
effect of the CI on his tinnitus.
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TINNITUS
PERCEPTS

STUDY

OUTCOME
MEASURE
UTILIZED

METHOD OF
STATISTICAL
STATISTICAL SIGNIFICANCE
ANALYSIS
(p-value)

Di Nardo et al. Tinnitus
(2007)
Questionnaire*

Descriptive
Statistics

N/A

Kompis et al.
(2012)

Descriptive
Statistics

N/A

ANNOYANCE,
BURDEN, ETC.
(cont’d)

Tinnitus Distress
Questionnaire*

RESULT
• A comparison between pre- and postimplantation questionnaires showed that
eight patients (40%) had no longer
tinnitus-associated annoyance after
surgery, five (20%) experienced no
variation of tinnitus annoyance, seven
(35%) reported a decrease in annoyance
and one (5%) complained of an increase in
annoyance.
• Tinnitus was held responsible for a
lifestyle change in 3 out of 20 (15%)
patients.
• Eleven (55%) patients complained of
frequent or occasional sleep disturbances
caused by tinnitus before implantation,
whereas only two (10%) declared tinnitusassociated persistence of sleep alterations
post-implantation.
• Tinnitus distress (i.e. the score of the
tinnitus questionnaire) had improved by 2
or more points in 35 subjects and
deteriorated by 2 points or more in 10
subjects.
• In the direct question, 64 subjects reported
that their tinnitus had become ‘much
better’ or ‘somewhat better’ 6 months after
surgery.
• For 27, tinnitus distress remained
‘approximately the same’ and 9 subjects
reported their tinnitus had become either
‘somewhat worse’ or ‘much worse’
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TINNITUS
PERCEPTS
ANNOYANCE,
BURDEN, ETC.
(cont’d)

STUDY

OUTCOME
MEASURE
UTILIZED

Van Zon et al.
VAS burden
(2016)

METHOD OF
STATISTICAL
STATISTICAL SIGNIFICANCE
ANALYSIS
(p-value)
Wilcoxon Signed
Rank test

P<.05

RESULT
• Significant decrease (p=.04) in VAS score
pre- to post-implantation 5.0 (SD=1-10) to
2.0 (SD=0-7) in patients with preoperative
tinnitus perception.

Note: aVAS= Visual analog scale; bSD= Standard deviation; cN/A= Not applicable; *= Non-standardized questionnaire created by the
researchers in the respective studies.
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Duration
One study, Greenberg et al. (2016), retrospectively assessed the duration of tinnitus in 68
patients who were implanted. Pre-implant, the mean duration of tinnitus awareness per day was
found to be 12.1 hours. Tinnitus awareness reduced to approximately 40% post-implantation,
with an average of 7.3 hour per day. Additionally, 37% of subjects who reported their tinnitus
awareness pre-implant as greater than 16 hours/day reduced to approximately 22% post-implant
with the processor activated. The number of subjects who were aware of tinnitus for 0-2 hours
per day increased from 8.8% pre-implant to approximately 30% post-implant with the processor
on.
Characteristics
Descriptors of tinnitus were examined pre- and post-cochlear implantation in three
studies. Utilizing a researcher-created tinnitus questionnaire, Di Nardo et al. (2007) reported that
tinnitus consisted of one single sound in 13 out of 20 patients (65%) before implantation and in
nine patients (45%) after implantation. Tinnitus was described as multiple simultaneous or
consecutive sounds in seven (35%) patients pre-implantation and in three (15%) patients after
surgery. Before intervention, tinnitus was also described as buzzing in nine (30%) patients,
whistling, a plane, a ship engine, and/or bells in six (20%) patients, and thudding in three (10%)
patients. After CI surgery, the most common tinnitus descriptor reported was “buzzing” in nine
(30%) patients, then “bells”, “whistling”, and “thudding” in four (13%) patients.
The prevalence of all tinnitus characteristics decreased post-implantation in CI recipients
with the “high tone” and “pulsatile” characteristics in Greenberg et al., (2016). Preimplant, 60%
of CI recipients experienced a “high tone”’ element to their tinnitus, which decreased to 29%
post-implant with the processor activated (x² (1, n=68)= 17.391 p<.0001) and 37% with the
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processor deactivated (x² (1, N=68)=11.250, p=.0008). A total of 38% of CI recipients
experienced pulsatile tinnitus pre-implant, which reduced to 13% post-implant with the processor
on (x² (1, n=68)=13.274, p=.0002 and 18% with the processor off (x² (1, n=68)=9.389, p=.0022).
Humming was experienced by 68% of CI recipients pre-implant with a reduction of 50% postimplant with the processor on (x² (1, n=68) =8.450, p=.0037). Recipients who experienced “low
tone” tinnitus with 29% pre-implant declined to 24% post-implant with the processor activated
(x² (1, n=68) = 2.083, p=.1489).
Similarly, tinnitus was described as one single sound (monotone) in 26 of 52 (50%)
patients in Wang et al. (2017). Polyphonic tinnitus with multiple simultaneous or consecutive
sounds was reported in 19 (36.5%) patients. Seven (13.4%) patients’ tinnitus were variable pitch;
with sounds described as a “roar” (n=34), “cicadas” (n=22) and “buzz” (n=10).
Annoyance and Burden
Tinnitus annoyance was reported in two of the included studies. Using a VAS scale,
Bovo et al. (2010) found a statistically significant reduction between pre and six months
postoperative annoyance with the CI processor on. Di Nardo et al. (2007) reported that 40%
(8/30) had no tinnitus-associated annoyance after surgery, 20% (5/30) experienced no variation
in their tinnitus annoyance, 35% (7/30) reported a decrease in annoyance, while 5% (5/30) stated
an increase in annoyance.
Various studies also examined patients’ tinnitus distress and associated burden postimplantation. In Kompis et al. (2012), of 125 patients with tinnitus before CI surgery, 25 (20%)
patients reported a complete suppression of tinnitus post-CI. Utilizing a non-validated Tinnitus
Distress Questionnaire, researchers found an improvement of two or more points in 35% of
subjects and a deterioration of two or more points in 10% of patients. For 27 (27%) individuals,
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tinnitus distress remained “approximately the same” and 9 (9%) subjects reported their tinnitus
had become either “somewhat worse” or “much worse”. However, conclusions regarding these
results could not be made as authors did not run statistical analyses to determine a significance
among findings. Di Nardo et al. (2007) further disclosed that tinnitus was held responsible for a
lifestyle change in three out of 20 (15%) patients. 11 (55%) patients complained of frequent or
occasional sleep disturbances caused by tinnitus, particularly difficulty falling asleep (n=9), at
least for a short time before implantation. Only two (10%) declared tinnitus-associated
persistence of sleep alterations post-implantation.
Processor “On” versus “Off”
Six studies differentiated tinnitus outcomes measures post-CI in two conditions: CI
processor turned off and CI processor turned on, therefore assessing whether tinnitus perception
altered due to electric stimulation versus electrode insertion alone.
Liu et al. (2016) found that at four weeks post-tinnitus and before switch-on, the
programming subgroup had higher THI scores than the control subgroup with the CI processor
off. However, after switch-on, THI scores were lower (better) in the programming subgroup
compared to control at 6, 8, and 12 weeks after tinnitus onset. At 8 and 12 weeks postoperatively,
THI scores of the programming subgroup were significantly lower than those of the control
group. Using a VAS scale for tinnitus loudness, Bovo et al. (2010) reported a statistically
significant improvement in tinnitus loudness in both CI ‘on’ and ‘off’ conditions. However, as a
group average, preoperative loudness was 6.31, while after CI activation it was 2.67 with CI on
and 4.09 with CI off, using the VAS loudness scale.
Greenberg et al. (2016) reported in their retrospective study that CI recipients
experienced total or partial suppression of tinnitus ipsilateral to their CI in 51% of cases with
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processor activated and 28% of cases with processor deactivated. Out of their 68 subject sample
size, tinnitus suppression (at any capacity) was perceived in 43% of patients with the processor
on and 25% with the processor off. Kompis et al. (2011) looked at similar patterns, analyzing the
influence of the speech processor of the CI system being turned on versus off for those subjects
who reported any tinnitus postoperatively. Of 100 patients reporting presence of tinnitus postoperatively, 45 patients described their tinnitus as “somewhat” or even “much better” with the
speech processor switched on, 32 subjects deemed no difference and in eight subjects, tinnitus
was aggravated. For the eight subjects who reported a worsening of tinnitus with the CI system
on, the tinnitus was localized either exclusively in the CI ear (three subjects) or in both ears (five
subjects).
Wang et al. (2017) reported on 52 patients with persistent pre-implantation tinnitus, 42 of
which experienced tinnitus post-implant ipsilaterally and 44 contralaterally with the CI turned
off. With the CI processor on, tinnitus was totally suppressed ipsilateral to CI in 42.9%, partially
suppressed in 42.9%, unchanged in 11.9% and aggravated in 2.4%. Tinnitus was completely
suppressed contralaterally with CI on in 31.8% of CI recipients, partially suppressed in 47.7%,
and unchanged in 20.5%.
Van de Heyning et al. (2008) also conducted two different conditions (processor on
versus off) in measuring tinnitus outcomes in single-sided deafness patients. Post-hoc tests
revealed a significant difference in loudness between the preoperative score and the one-month
score for both the CI-activated state (p < 0.001) and the CI-deactivated state (p = 0.004).
Unilateral versus Bilateral Cochlear Implants
One study investigated the difference in tinnitus outcomes between unilateral and
bilateral cochlear recipients in bilateral profound hearing loss patients. Van Zon et al. (2016)
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reported on 16 participants with preoperative tinnitus, seven (36.8%) of which were allocated to
the unilateral recipient group and nine (47.4%) were appointed to the bilateral recipient group.
One-year post-implantation, researchers found a significant decrease in median THI scores in
both unilaterally (p=.03) and bilaterally (p=.05) patients. However, they only found a significant
decrease (p=.04) on the TQ in bilaterally implanted patients. Although not statistically significant
(p=.06), they also reported that the prevalence of newly induced tinnitus was 50% (5/10) in the
simultaneous bilateral implantation group compared to 8.3% (1/12) in the unilateral implantation
group.
CI versus HA
Four studies included the use of a hearing aid (HA) for participants in each of their
respective assessments. Wang et al. (2017) reported that 37 out of 52 (71.2%) patients had
experience of wearing a hearing aid prior to cochlear implantation. The duration of hearing aid
use was averaged at 7.3 years, with a range from 2 months to 24 years. None of the subjects
applied a masker strategy or noise-generating program to the HA before surgery. A total of
54.1% (20/37) of these subjects reported a reduction of tinnitus with the HA switched on.
However, 86.5% (32/37) patients with the CI had a greater effect of tinnitus suppression than
those with HA. Nevertheless, five (13.5%) patients considered there was no difference between
these two devices.
Bovo et al. (2010) reported that only four patients (of 36 included subjects) were nonusers of hearing aids for a pre-implant period of more than 12 months. Three of the four nonusers of hearing aids experienced tinnitus relief and one patient reported worsening of tinnitus
post-CI implantation. The remaining 32 participants were all hearing aid users who experienced
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tinnitus. As a total, 13/36 (36.1%) reported a post-fitting total tinnitus suppression using CI and
15/36 further patients (41.7%) reported a loudness reduction.
Van Zon et al. (2016) and Van de Heyning et al. (2008) included hearing aid use in the
contralateral non-implanted ear but did not report differential outcomes between hearing aid(s)
versus a cochlear implant. Van Zon et al. (2016) reportedly encouraged hearing use in the
contralateral non-implanted ear of the unilateral implant group and compared tinnitus outcomes
to bilateral simultaneous CI subjects. However, researchers did not report on the number of
participants that used a hearing aid in the non-implanted ear post-implantation. Since hearing
aids can affect tinnitus perception, the use of hearing aids preoperative and contralaterally
postoperatively (in the unilateral group) may have contributed to the reported results. Van de
Heyning et al. (2008) measured incapacitating unilateral tinnitus in SSD and included HA use for
75% (9/12) of subjects in the non-implanted ear. However, similar to Van Zon et al. (2016),
authors did not report on HA versus CI use in tinnitus outcomes.
Tinnitus Outcomes in SSD patients
As previously mentioned, three out of the 13 included studies reviewed outcomes of
tinnitus in CI recipients with single-sided deafness – please refer to Table 1.
Holder et al. (2017) retrospectively reviewed prospectively collected data on 13 SSD
patients. Researchers found a significant reduction between THI score preoperatively as
compared to the THI score after three months of CI use (paired analysis, p=.0004). Eight of these
patients were further followed between six months and one year and results display that the THI
score remained statistically better than preoperative values (p=.008). A significant improvement
was also noted when THI scores between three and six months after CI implantation (p=.03). All
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subjects who initially experienced a reduction in the reported THI maintained this reduction in
tinnitus after 12 months of use.
Van de Heyning et al. (2008) reported a significant difference between preoperative score
and the one-month score on the TQ (p<.001) using post-hoc tests with a sample size of 22
participants. Three subjects showed a complete residual inhibition of the tinnitus after
deactivation of the device for at least 12 hours. In all other participants, tinnitus reappeared
within minutes after deactivation of the processor. The data demonstrated a significant and
consistent reduction in tinnitus loudness with electrical stimulation in 20 of 21 subjects (95%),
leading to a highly significant group effect, only with the implant activated.
Buechner et al. (2010) investigated tinnitus pre-and post-implantation in five subjects
with SSD hearing based on patients’ narratives. In three of the five patients, tinnitus was
significantly suppressed while the cochlear implant was activated. Monitoring tinnitus through a
Tinnitus Diary revealed an improvement during the first months after device activation compared
with the month pre-implantation. In the other two participants, the tinnitus could be reduced only
in certain situations such as noisy environments and psychologically stressful situations.
Secondary Outcomes
Outcome measures independent of tinnitus were also employed to examine aspects of
quality of life and hearing ability and compared to tinnitus outcomes – please refer to Table 5 for
these measures and corresponding results.
Two studies utilized questionnaires to establish psychosocial outcomes and its correlation
to tinnitus outcomes. Anderrson et al. (2009) selected the Gothenbury Profile (GP) to determine
subjects’ subjective hearing problems and the Hospital Anxiety and Depression Scale (HADS) to
determine subjects’ anxiety and depression post- implantation. The Gothenbury Profile is an
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established self-questionnaire measuring hearing problems and is divided into four subscales:
hearing speech, sound localization, handicap in social settings, and personal reactions to the
experienced handicap (items 16–20) (Ringdahl et al., 1999). Anderrson et al. (2009) also
administered the HADS, which represents another self-questionnaire with anxiety and depression
subscales. Mean results from Anderrson et al. (2009) display moderate levels of hearing
problems (GP) and low scores on anxiety and depression (HADS) in participants postimplantation. The percentage of those scoring above 10 on the anxiety subscale was 13.6% and
depression subscale was 5.4%. (mean of 5.3 and 4.1, respectively). The authors found that all
measures (GP, HADS, THI) were significantly intercorrelated, with Pearson r’s ranging between
r= .20 and r= .80. The only exception was a nonsignificant association between HADS-A and the
GP 6–10 (r= .09), which addresses localization. Tinnitus distress was found to be associated with
anxiety, depression, and hearing problems scores (r =.30 to r= .60, all p’s, 0.002).
Amoodi et al. (2011) also assessed quality of life using the Short form 36 (SF-36)
questionnaire and the Hearing Handicap Inventory (HHI) in relation to tinnitus distress. The SF36 is a short questionnaire with 36 items which measure eight components: physical functioning,
social functioning, role limitations due to physical problems, role limitations due to emotional
problems, mental health, energy and vitality, pain, and general perception of health (Jenkinson et
al., 1993). The HHI is a self-assessment tool designed to explore the effects of hearing
impairment on emotional and social functions of individuals (Ventry & Weinstein, 1982). The
questionnaire consists of two subscales: a 13-item subscale that evaluates the emotional
consequences of hearing impairment and a 12-item subscale that assesses social and situational
consequences (Ventry & Weinstein, 1982). Amoodi et al. (2011) reported that pre- and posttreatment changes on the THI total score and its subscales were significantly correlated to pre-
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and post-treatment changes on the HHI total score and its social and emotional subscales. In
addition, change on the THI total score and its catastrophic subscale showed a statistically
significant correlation with the SF-36’s general health and social functioning domains.
An additional six studies investigated speech perception (monosyllabic words, sentences in quiet,
and/or speech in noise tests) and audiometric tests in relation to subjects’ tinnitus
perception. Two studies evaluated audiometric thresholds, three included monosyllabic and/or
spondee words, and four studies involved sentence testing (including both in quiet and in noise).
Kompis et al. (2012) included both audiometric thresholds and monosyllabic words as
secondary outcomes, reporting that 5 subjects (5%) who had tinnitus 6 months post-implantation
had poorer speech understanding than the group who remained tinnitus-free. However, no
correlation was found between tinnitus improvement, duration of tinnitus, or change in unaided
hearing thresholds between sessions. Wang et al. (2017) and Rukenstein et al. (2001) found
similar results reporting no significant differences shown among degree of tinnitus on auditory
performance on monosyllabic words and CID sentences, respectively.
Two of the three studies reporting on tinnitus outcomes in SSD CI recipients utilized
speech reception tests. Holder et al. (2017) assessed audiometric thresholds as well as 50 CNC
words at 60 dBA at 0 degrees azimuth approximately one meter from the listener. The
contralateral (normal hearing ear) was plugged with an EAR® foam plug and covered with supraaural headphone. Holder et al. (2017) concluded that mean CNC score significantly improved
(p=.003) 3 months post-activation and at longer-term follow-up of 6 months to 1 year, which was
significantly improved from preoperative scores (p=.0008). However, they did not run statistical
analyses on whether tinnitus had an effect on CNC performance.
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Table 6: Secondary Measures Outcome Summary

STUDY

AMOODI ET
AL. (2011)

ANDERSSON
ET AL. (2009)

PSYCHOSOCIAL
MEASURES

HHIa
b
SF-36

GP d
e
HADS

HEARING-RELATED
MEASURES

c

HINT

STATISTICAL
ANALYSIS

Pearson product
moment
correlations

RESULTS
• Pre- to posttreatment changes on the THI total score and
its subscales were statistically significantly correlated to
a pre- to posttreatment changes on the HHI total score
and its two social and emotional subscales (p<.05)
• Change on the THI total score and on its catastrophic
subscale showed a statistically significant correlation
with the SF-36 general health (r=.218, p < .05) and
social functioning (r 1⁄4 .261, p < .05) domains.
• Statistically significant correlations between changes on
the THI functional subscale and the social functioning
domain (r= .268, P < .05) of SF-36.
• Similar correlations were also found between differences
on the THI emotional subscale and social functioning (r
=.287, P < .01) and role emotional domains (r= .234, p <
.05) of SF-36.
• Change in the HINT score did not significantly correlate
with changes on the THI total score or its functional,
emotional, and catastrophic subscales, both for the entire
group and for those whose pretreatment conditions were
moderate or worse.

• All measures were significantly intercorrelated with
Pearson r’s ranging between r= .20 and r= .80. The only
Pearson product
exception was a nonsignificant association between
HADS-A and the GP 6–10 (r=09).
moment
•
Tinnitus distress was associated with both anxiety,
correlations
depression, and hearing problems scores (r=.30 to r= .60,
all p’s <0.002).
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STUDY

BUECHNER ET
AL. (2010)

HOLDER ET
AL. (2017)

KOMPIS ET
AL. (2012)

RUCKENSTEIN
ET AL. (2001)

PSYCHOSOCIAL
MEASURES

HEARING-RELATED
MEASURES

STATISTICAL
ANALYSIS

Freiburger Numbers and
Monosyllabic tests
O1Saf test
Hochmaier-Schulz-Moser
sentence test

Wilcoxon
Signed ranks
test

Audiometric thresholds;
CNC g words

Paired t-test
Wilcoxon
signed rank test
(P<.05)

Unaided pure tone
thresholds
Monosyllabic words

Two-tailed
Mann-Whitney
test
Linear
regression
analysis

CIDh Everyday
Sentences

Spearman rank
correlation
coefficient

RESULTS
• The group mean score for the Hochmaier-Schulz-Moser
sentence test sentence test at +10 dB SNR after 12 months
of device use was 9.4%.
• On the O1Sa, for 3 of the participants, the CI led to a
highly significantly improvement when noise was
presented from the NH side (Participant 1, p = 0.007;
Participant 2, p = 0.005; Participant 5, p = 0.002).
• No decrease in performance was observed with the CI
switched on for any participant in any test measure.
• Mean CNC score improved from 2.9% (SD= 9.4)
preoperatively to 33.2% (SD= 29.3) by 3 months postactivation (p = 0.003).
• At longer- term follow-up (6 months to 1 year), the mean
CNC score was 40.8% (SD 31.7), which was significantly
improved from preoperative scores (p = 0.008).
• No statistical significance between tinnitus loudness and
additional hearing loss in the implanted ear over the same
period (p = 0.160–0.522)
• Speech understanding with the CI system after 6 months
of use was significantly poorer in the group who
developed tinnitus; on average 11% correctly repeated
monosyllabic words, compared to 33% for those who did
not develop tinnitus (p=.038)
• No correlation between speech understanding with a CI
and tinnitus loudness either before or after cochlear
implantation.
• No significant correlation could be found between the
auditory performance and the degree of tinnitus
manifested by the patient (p >0.10)
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PSYCHOSOCIAL
MEASURES

HEARING-RELATED STATISTICAL
STUDY
MEASURES
ANALYSIS
RESULTS
Monosyllabic words
Simple linear
• No significant difference was shown among these five
WANG ET AL.
Spondee words
regression
levels of tinnitus from the THI on the monosyllabic tests
(2017)
Mandarin Hope
and sentences in quiet (F= 1.441, p= .242).
(P<.01)
Sentences
Note: aHHI= Hearing Handicap Inventory; bSF-36= Short form 36 questionnaire; cHINT= Hearing in Noise Test; dGP= Gothenbury
Profile; eHADS= Hospital Anxiety and Depression Scale; fO1Sa= Oldenburger Sentence test; gCNC= Consonant- nucleus- consonant;
h
CID= Central Institute for the Deaf
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Buechner et al. (2010) utilized the Freiburger Numbers and monosyllabic tests as well as
the Holchmaier- Schulz-Moser and Oldenburger Sentences presented both in quiet and +10dB
SNR of noise. The group mean score for the Hochmaier-Schulz-Moser sentence test at +10 dB
SNR after 12 months of device use was 9.4%. The Oldenburger Sentence test (O1Sa) was
delivered with spatially separated signal and noise sources. The signal was presented from front
in all conditions whereas noise was either presented at 90 degrees right, front at 0 degrees or
from -90 degrees left. Speech reception thresholds with the normal hearing (NH) side alone was
compared to thresholds achieved for the NH side and CI. In three of the five total participants,
the CI was found to be significantly improvement when the noise was presented from the NH
side (Participant 1, p = 0.007; Participant 2, p = 0.005; Participant 5, p = 0.002). No decrease in
performance was observed with the CI switched on for any participant in any test measure.
Similar to Holder et el. (2017), researchers failed to utilize analyses to determine whether or not
there was a correlation between speech performance and tinnitus outcomes.
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LONGITUDAL CASE STUDY: XX
Introduction: Case Presentation
“XX” was a 69-year-old female followed at an outpatient specialty facility for
audiological and cochlear implant services between the years 2006 to 2019. Patient presented
with long-standing tinnitus associated with both hearing loss and vertigo. XX was a bimodal
user; with an Advanced Bionics Naida Q70 cochlear implant on the right side and Naida Q90 SP
BTE hearing aid in the left ear. She was diagnosed with a hearing loss at 2005 (at 55 years of
age) and bilaterally in 2006 (at 56 years of age). Etiology of hearing loss appeared to be from
Meniere’s Disease bilaterally, and therefore progressive in nature. Tinnitus, which presented
bilaterally, began around the onset of hearing loss, although patient could not report the exact
time it appeared. XX described the sensation as “high-pitched,” stating that the intensity of the
ringing is severe, often making it difficult to execute daily activities. XX also had a significant
history of breast and uterine cancers. She was first seen at the facility in March 2006 and was
implanted with a cochlear implant in the right ear in August 2003.
Methods
Pure tone audiometry testing was performed in a soundproof booth utilizing insert
headphones. Speech reception threshold (SRT) testing was performed using monitored live voice
(MLV) and word recognition score (WRS) testing was administered via recorded 25-item
consonant-nucleus consonant (CNC) words and AzBio sentences tests in quiet and in noise +5
signal-to-noise ratio (SNR) at 50 dBHL in sound-field. Aided testing for cochlear implant (CI)
candidacy evaluation was completed using Phonak Naida V UP behind-the-ear (BTE) hearing
aids. Tinnitus outcomes were evaluated through the administration of the Tinnitus Handicap
Inventory (THI) and patient report.
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Results: Audiometric, Speech, And Tinnitus Outcomes

Patient underwent a cochlear implant (CI) candidacy evaluation in July 2013. At that
time, XX reported a sudden drop in hearing in the right ear which began in 2005 (eight years
prior) and a significant decline in the left ear in 2011 (two years prior). Pure tone testing
revealed a moderately-severe to severe SNHL in the left ear and severe to profound SNHL in the
right ear (Figure 2). Speech recognition scores are displayed in Table 7. Patient reported
experiencing tinnitus bilaterally (right ear more severe than the left ear). Tinnitus was constant
and described as “high-pitched ringing”. Tinnitus Handicap Inventory (THI) scores indicated a
raw score of 50, which is categorized as a “moderate” impairment (Figure 3). The CI candidacy
evaluation results indicated that XX qualified for a cochlear implant in the right ear.

Figure 2: XX’s Audiogram at Cochlear Implant Candidacy Evaluation for the Right Ear in
July 2013
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Table 7: XX’s Aided Ling Sounds, CNC words, and AZ Bio Sentences at Cochlear Implant
Candidacy Evaluation for the Right Ear in July 2013
Presented at 50 dBnHL using recorded stimuli

Right ear

Left ear

Bilateral

Ling sounds: /b/, /sh/, /s/

15, 35, 45

15, 15, 30

---

CNC word list
Ax-Bio Sentences
Az-Bio Sentences +5SNR

0%
-----

24%
-----

8%
43%
---

Figure 3: XX’s Tinnitus Handicap Inventory (THI) Results at Cochlear Implant Candidacy
Evaluation for the Right Ear in July 2013
In August 2013, XX was implanted with an Advanced Bionics cochlear implant with use
of a Naida Q70 processor in the right ear. Patient returned to the clinic four weeks postimplantation for a cochlear implantation activation. Subsequent appointments primarily focused
on mappings to give XX appropriate access to speech sounds and aided testing to assess benefit.
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Patient was seen in June 2015 and unaided testing revealed a moderately-severe to severe
SNHL in the left ear and a profound SNHL in the right ear. Bimodal testing revealed a speech
recognition threshold of 20 dBHL and a speech recognition (CNC word) score of 64% at 55
dBHL. Table 8 displays XX’s aided thresholds to warble tones bimodally in sound-field. Patient
reported that she also has concerns regarding speech clarity in group situations. The THI is
administered 22 months post-implantation. Results indicated a raw score of 36, which is
categorized as a “mild” handicap (Figure 4).
Table 8: XX’s Aided Thresholds in June 2015

Threshold to warble tones
bimodally in sound field

500 Hz

1000 Hz

2000 Hz

4000 Hz

15 dB

10 dB

20 dB

20 dB

Figure 4: XX’s Tinnitus Handicap Inventory (THI) Results in June 2015
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XX was seen for a CI candidacy evaluation for her left ear in October 2019. Patient
reported that she had been receiving minimal benefit from her left hearing aid and therefore had
not been wearing it consistently. XX also felt that her tinnitus was worsening, stating that it was
severe. Tinnitus was reportedly perceived bilaterally, but now primarily in the left ear. She
expressed interest in implanting her left ear. Audiological findings revealed profound hearing
loss bilaterally (Figure 5). Aided speech testing results are displayed in Table 9. The THI was
administered again, indicating that she suffers from a severe handicap (raw score of 62) – please
refer to Figure 6.

Figure 5: XX’s Audiogram at Cochlear Implant Candidacy Evaluation for the Left Ear in
October 2019
Table 9: XX’s Speech Perception Scores at Cochlear Implant Candidacy Evaluation for the
Left Ear in October 2019
Presented at 50 dBnHL using recorded stimuli
Right ear
Left ear
Bilateral
CNC word list
32%
0%
36%
Az-Bio Sentences
55%
0%
48%
Az-Bio Sentences +5SNR

0%
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Figure 6: XX’s Tinnitus Handicap Inventory (THI) Results at Cochlear Implant Candidacy
Evaluation for the Left Ear in October 2019
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DISCUSSION
The primary purpose of this systematic review and case study is to assess the literature in
the outcomes of tinnitus post-cochlear implantation, while providing a clinical context of tinnitus
outcomes in a CI patient. Secondary outcomes such as speech perception and psychosocial
measures were also reviewed to determine its correlation to tinnitus outcomes.
Overall findings of the reviewed studies demonstrate improvement in standardized
tinnitus outcome measures such as the THI and TQ post-cochlear implantation. Of the eight
studies utilizing the THI in bilaterally deafened patients, five studies revealed significant
improvement (decrease) in scores varying from four weeks to one-year post-implantation in
patients with bilateral profound hearing loss (Liu et al., 2016; Bovo et al., 2010; Amoodi et al.,
2011; Di Nardo et al., 2007; Van Zon et al., 2016). The remaining three studies (Greenberg et al.,
2016; Andersson et al., 2009; Wang et al., 2017) noted a decrease in handicap scores, with a
majority of patients categorized as “slight” to “mild” handicap postoperatively. Two studies
(Van Zon et al., 2016 and Van de Heyning et al., 2008) evaluated TQ scores; both reporting a
significant in scores one year and one-month post-CI, respectively.
The results of the remaining studies included in this review utilized non-validated
questionnaires and rating scales to report on patient’s description of tinnitus postoperatively.
Seven studies reported on patient’s perception of tinnitus intensity pre versus post-operatively.
Three of the aforementioned studies (Rukenstein et al., 2001; Bovo et al., 2010; Wang et al.,
2017) found a significant reduction in patient’s median tinnitus levels 6 months postimplantation. Two studies (Kompis et al., 2012 and Di Nardo et al., 2017) found that although a
majority of their participants reported a decrease in tinnitus loudness post-implantation (60% and
40%, respectively), between 10-11% of participants also reported an increase in tinnitus
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loudness, respectively. Five studies (Kompis et al., 2012; Amoodi et al., 2012; Di Nardo et al.,
2007; Wang et al., 2017; Buechner et al., 2010) reported complete suppression of tinnitus
ranging from six months to one-year post-implantation. However, one study, Kompis et al.
(2012) further reported that 10% of subjects without tinnitus before CI surgery reported presence
of tinnitus six months post-CI. Localization of tinnitus was examined in two studies (Greenberg
et al., 2016 and Wang et al., 2017), both of which noted a reduction perceived tinnitus source
both “in the head”, “in both ears”, and ipsilateral to the implant. Duration of tinnitus was only
reported in Greenberg et al. (2016), who found a reduction of tinnitus awareness by 40% with a
mean duration reduction from 12.1 hours to 7.3 hours with the CI processor on. Description of
tinnitus was assessed in three studies (Greenberg et al., 2016; Di Nardo et al., 2007; Wang et al.,
2017), with patients reporting a myriad of characteristics including: “high/low tone”, “pulsatile”,
”single/multiple sounds”, “buzzing”, “whistling”, “plant or ship engine”, “bells”, “thudding”,
“roaring”, and “cicadas”. The frequency of all tinnitus characteristics decreased postimplantation in CI recipients. Five of the included studies (Bovo et al., 2010; Kompis et al.,2012;
Di Nardo et al., 2007; Buechner et al., 2010) reported on the annoyance and burden of tinnitus
pre and post-implantation. Complete and partial annoyance/burden reduction reported in all five
studies post-implantation. However, Kompis et al. (2012) and Di Nardo et al. (2007) did note a
number of participants with a worsening of scores after implantation.
Two studies (Wang et al., 2017; Bovo et al., 2010) reported improved tinnitus reduction
with the cochlear implant compared to the hearing aid. Although both devices have the same
acoustic masking effect, cochlear implantation may provide plastic modifications in the brain,
playing a role in long-term tinnitus suppression. Six studies in the included review (Liu et
al.,2016; Greenberg et al., 2016; Wang et al., 2017; Kompis et al., 2011; Bovo et al., 2010; Van
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de Heyning et al., 2008) differentiated outcomes with processor on versus off, with significantly
improved scores in the processor on condition. These studies have shown that for some patients,
tinnitus can be relieved by the insertion of an intracochlear implant electrode surgery alone
(processor off condition). Therefore, electrode insertion may lead to plastic alterations in the
central auditory brain system, affecting patients’ perception of tinnitus. Hypothetically, implantuse may further provoke reorganization of the associated cerebral areas, which may reduce the
hyperactivities in the central auditory system and in turn, ameliorate the tinnitus.
Three included studies focused on tinnitus outcomes in patients with SSD hearing. Two
of the studies, Holder et al. (2017) and Van Zon et al. (2016) found statistically significant
differences in pre- and post-operative scores in the TQ and THI one month and three-month
scores post-CI. These scores remained stable long-term (one year), however, only when the
processor was turned on. Van de Heyning et al. (2008) reported reductions in tinnitus loudness in
all 11 participants, with two reporting complete residual inhibition 12 hours post-deactivation of
the CI. In addition, subjective benefit was measured through administration of the Tinnitus
Questionnaire, with mean total scores significantly reduced at 1, 3, 6, 12, 18, and 24-month
follow-up as compared to preoperative scores. A significant finding from the long-term follow
up in this study was that over a two-year period, the tinnitus did not recur therefore suggesting
lack of adaptation to electrical stimulation. This is of critical clinical value, as cochlear
implantation in SSD originated as a treatment option for those with ipsilateral tinnitus. These
findings indicate that cochlear implantation may be an effective long-term method in managing
tinnitus in the ipsilateral ear to some degree.
Four studies (Rukenstein et al., 2001; Kompis et al., 2012; Wang et al., 2017; Amoodi et
al., 2011) reported no significant correlation between speech recognition and tinnitus outcomes
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despite improvements in speech scores and tinnitus measures post-CI. However, two studies,
Andersson et al. (2008) and Amoodi et al. (2011), also found a significant correlation between
tinnitus measures (THI and tinnitus distress) and psychosocial measures: Gothenbury Profile
(GP), Hospital Anxiety and Depression Scale (HADS), Hearing Handicap Inventory (HHI), and
the Short form-36 survey (SF-36).
Case History of Patient with CI and Tinnitus
XX’s case study consisted of the assessment in pure tone, speech recognition, and
tinnitus outcomes pre- and post-cochlear implantation. Inspection of this longitudinal case study
may encourage several points of discussion.
A large portion of the literature suggests that tinnitus outcomes typically improve postimplantation. This pattern was observed in XX’s case study from pre- to 22 months postimplantation. Compared to the “moderate” impairment obtained pre-implantation, XX’s scores
improved to “mild”. While the risk of worsening or developing tinnitus post-surgery is generally
low, it is still reported. Similarly, XX experienced increased tinnitus severity about six years
after she is implanted in the right ear. Despite the significant improvement in tinnitus post-CI in
the research, it may prove beneficial for clinicians to inform patients that aggravation of tinnitus
may also occur. In this instance, XX did not experience severe impairment from her tinnitus until
six years postoperative. In this systematic review, follow-up period between measurements of
tinnitus outcomes were generally between three months to one-year post-implantation. In fact,
only one of the included prospective studies followed patients’ outcomes further than a year (at a
maximum of two years). Therefore, it may prove beneficial for future research to evaluate
tinnitus outcomes in terms of long-term follow-up.
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Throughout the 16 years that XX was followed as a patient, she was administered the
THI a total of three times. Information regarding tinnitus (characteristics, localization, etc.) was
limited, and most likely reported due to the patient’s subsequent burden. Nonetheless, the focus
on XX’s appointments were heavily weighted on cochlear implant mappings and aided speech
perception scores post-implant. In contrast, various authors in this review revealed no significant
relationship between speech perception scores and tinnitus measures. Since the primary aim in
cochlear implants is to provide appropriate access to speech and subsequent speech outcomes,
the clinical assessment of tinnitus appears to be limited. Due to the objective nature of
audiometric testing and speech perception testing, clinicians can more efficiently monitor
significant improvement or decline. Given the strong association between tinnitus and
psychosocial measures, it may hold beneficial for clinicians to address tinnitus more intensively.
Creating a greater emphasis on counseling a patient regarding his or her tinnitus severity and/or
burden may provide greater insight on a person’s everyday functioning, while continuing a “gold
standard” approach to patient care. This may increase the use of alternative tinnitus
questionnaires and supplementary materials in additional to the THI. Assessing tinnitus
characteristics (such as duration, annoyance, localization, etc.) in depth may provide greater
insight regarding management, quality of life, and the physiology of tinnitus itself.
Limitations and Clinical Implications
An important finding of this systematic review is that the majority of studies on this topic
reflect low or moderate levels of evidence. There lies a considerable amount of intersubject and
interstudy variability in terms of participants’ duration of deafness and age at implantation, test
conditions, test materials, and methodology. Sample size also ranged from the small, 5 patients
to the largest of 234 patients. As previously mentioned, follow-up time was also relatively
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variable with none of the included studies measured at more than two years. Therefore, longterm conclusions and implications cannot be made regarding tinnitus outcomes and cochlear
implantation. Expansion of follow-up periods in longitudinal research is essential to draw
conclusions about long-term outcomes of tinnitus and cochlear implantation.
Due to the limited studies including SSD patients, strong conclusions cannot be made
regarding CI and its impact on tinnitus. However, in all of the included studies addressing SSD,
tinnitus patients did perceive amelioration in symptoms post-implantation in some aspect.
Further investigation regarding tinnitus outcomes in SSD populations with larger sample sizes is
needed. Additionally, it would be interesting to consider the long-term effects of CI in these
patients.
The heterogeneity of tinnitus materials and characteristics evaluated further limits the
comparability of findings among studies. Due to the lack of consensus on non-standardized
outcome measures utilized, the findings lack corroboration across studies. The large number of
outcome measures included in the analysis does demonstrate the wide range of implications that
a CI may have on tinnitus. Moreover, due to the subjective measure of tinnitus, outcomes are
often difficult to compare in relation to its characteristics and descriptors. There continues to be
little research conducted on tinnitus sound characteristics compared to the presence versus
absence of tinnitus alone. Standardization of protocols for tinnitus assessment would allow
testing to be generated using similar tinnitus materials and procedures so research and clinical
findings can be more generalizable.
Cochlear implantation in the population of interest provides the potential to restore
hearing through the re-introduction of electro-acoustic stimulation. The present systematic
review provides overwhelming evidence indicating that cochlear implantation is effective in
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reducing tinnitus. Given the frequent positive effect cochlear implantation has on tinnitus,
tinnitus should be considered when choosing the side to implant, such as the side that the tinnitus
is louder. Nevertheless, clinicians should keep in mind the small probability that a patient’s
tinnitus may exacerbate or remain constant. Although correlation between speech recognition
scores and tinnitus measures is lacking, the research suggests a strong correlation between
tinnitus outcomes and psychosocial outcomes. This may shed light on the need to examine
tinnitus more closely in clinical settings.
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CONCLUSIONS
Throughout the years, the enigma and intricacies surrounding tinnitus has led to various
forms of treatments, such as the utilization of amplification. As technology benefitting those with
hearing loss has expanded to the surgical arena via cochlear implants, a similar process has also
been reflected in alleviating complaints of tinnitus. This systematic review focused on evaluating
tinnitus outcomes in bilaterally profound sensorineural hearing loss and SSD patients undergoing
cochlear implantation. Furthermore, hearing outcome measures and psychosocial measures were
also reviewed in relation to these tinnitus outcomes.
Findings of the reviewed studies showed significant improvement in tinnitus outcomes in
both standardized and non-standardized measures in both SSD and bilaterally profound patient
populations. Indeed, the improvement in these outcomes is greater with the processor of the
cochlear implant turned on as compared to off. However, due to the subjective nature of tinnitus
and lack of standardized tinnitus outcomes assessing its description, no definitive statement can
be made regarding its characteristics pre- and post-operatively. Yet, cochlear implants generally
provide an amelioration of tinnitus symptoms for patients. Examination of the included case
study revealed that the assessment of tinnitus is commonly limited in clinical settings despite the
strong correlation between tinnitus and psychosocial outcomes. Moreover, it may hold beneficial
value for clinicians to evaluate tinnitus as closely as they do audiological and speech outcomes.
Standardization of tinnitus measures beyond the THI and TQ will be crucial to make more
definitive statements about the factors that influence these outcomes. With these steps, clinicians
can gain more insight regarding the pathogenesis and management of tinnitus as indications for
CI implantation itself continues to expand.
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